ABSTRACT Despite numerous ecological studies with mosquitoes, it remains unclear what environmental factors are the most important determinants of structure, species richness, and abundance of mosquito assemblages. In the current study, we investigated relations between these characteristics of mosquito larvae assemblages and environmental factors in a large set of different habitats. Particular objectives were (1) to rank the factors regarding their explanatory power, and (2) to quantify the contribution of major sets of factors such as habitat spatial/hydrological (H), water physico-chemical (W), and aquatic vegetation characteristics (V). Variance partitioning and forward selection based on ordinations and multiple regressions were applied to the data set on 79 water-bodies in southwestern Siberia covering a wide gradient of environmental characteristics and diverse mosquito assemblages. The results showed that richness and abundance inter-correlated poorly (r 2 ϭ 0.21), and assemblage structure, richness, and abundance depended on different sets of predictors. Explanatory importance of the three sets of environmental factors differed among the three assemblage variables: H, W, and V had equal importance for assemblage structure, while richness and abundance depended on H and V more than on W. The study showed that contradiction between the aims of conservation (support biodiversity) and mosquito control (reduce mosquito abundance) can be avoided, as relevant environmental factors can be used to deÞne habitats with high richness and low abundance (i.e., high conservation value and low nuisance and disease transmission risk) for conservation activities, and conversely for control measures.
Blood-sucking mosquitoes (Culicidae) are vectors for important diseases of humans and domestic animals (Lounibos 2002) , a well-known nuisance, and also an ecologically important component of aquatic ecosystems (Mitsch et al. 1994) . ScientiÞc literature focused on this group of insects comprises an immense amount of ecological, taxonomical, physiological, molecularbiological, and other kinds of studies. Currently, global development of long-range transportation (Lounibos 2002) and climate change (Hopp and Foley 2003) facilitate distribution of mosquitoes over large territories. This demands further ecological studies to enable (1) effective and environmentally safe mosquito control and (2) prediction of the distribution of particular species and changes in structure of entire mosquito assemblages.
Distribution, abundance, and individual Þtness of the mosquitoes are known to be dependent on various biotic (Blaustein et al. 2004, Blaustein and Chase 2007) and abiotic factors (Nilsson & Svensson, 1995 , Alfonzo et al., 2005 , and also on their interaction Knight 2003, Beketov and Liess 2007) . Many studies have examined the inßuence of various environmental variables on particular mosquito species, usually important disease vectors (e.g., Maguire et al. 1999 , Gimnig et al. 2001 , Muturi et al. 2008 or ubiquitous and abundant species (e.g., Vinogradova 2000) . However, despite these numerous investigations, the ecology of entire mosquito assemblages, as opposed to single species, remains poorly studied.
Studies focused on relations between mosquito assemblages and environmental factors are mainly descriptive and consider only single environmental factors (e.g.,wetlandtypeÐSchäferetal.2008; altitudeÐ Eisen et al. 2008) . However, two of the previous studies employed multivariate analyses of mosquito larvae assemblages in relation to environmental factors characterizing surface-water larval habitats (Nilsson and Svensson 1995, Alfonzo et al. 2005) , and two studies were devoted to effects of landscape variables on adult mosquito assemblages (Schäfer et al., 2004 (Schäfer et al., , 2006 . In particular, Nilsson and Svensson (1995) have shown that the presence of unforested area as well as water depth, area, and temperature are positively correlated with mosquito species richness and abundance in Swedish swamps. Alfonzo et al. (2005) has shown that in tropical plains of Venezuela mosquito species richness is higher in the forested areas than in open areas (contrary to the previously mentioned results), and aquatic vegetation, canopy cover, and temperature have considerable inßuence on the assemblage structure. The studies by Schäfer et al. (2004 Schäfer et al. ( , 2006 have shown that in Swedish wetlands species richness of adult mosquitoes is positively affected by the presence of unforested area, water permanence proportion, and wetland size, while overall abundance is negatively dependent on the unforested area and water permanence, but positively on the wetland size.
Although the studies mentioned above provided valuable insights for understanding relations between mosquito assemblages and environmental factors, the relative importance of the factors remains largely unknown. The reason is that limited sets of environmental factors were considered (from 3 to 7) and the studies were not designed to cover diverse sets of mosquito breeding habitats (i.e., they were local studies focused on nondiverse habitats) nor were they designed to rank explanatory importance of the environmental factors (Nilsson and Svensson 1995; Alfonzo et al. 2005; Schäfer et al. 2004 Schäfer et al. , 2006 . Furthermore, a comparison of these studies is difÞcult because of their different habitat sets, factors considered, developmental stages of mosquitoes (larva, imago), and geographical regions. All this precludes revealing of general cross-habitat and large-scale patterns in environment-assemblage relations for mosquitoes.
In general, it remains unclear what environmental factors are the most important determinants of the taxonomic structure and abundance of mosquito assemblages, and what part of the variability in the assemblages can be explained by the major groups of factors (e.g., water chemistry, vegetation). To answer these basic questions, a comprehensive macroecological analysis is necessary that would cover a variety of habitats and mosquito assemblages, consider wide ranges of environmental factors, and employ statistical methods appropriate to compare the explanatory importance of the factors.
Observational studies answering the question, what environmental factors are most important predictors of the mosquito assemblage variables, is of fundamental scientiÞc importance. It is a Þrst step toward understanding the mechanisms of community-environment relationships, and at large spatial scales, where experimental tests of hypothesis is impractical and unethical, is a reasonable approach allowing for hypothesis testing with statistical tools, inclusion of temporal aspects (e.g., pseudoexperiments), and solid link to factual biological data (i.e., macroecological approach, e.g., Blackburn 2004 , Kerr et al. 2007 ). Besides, knowledge on relations between environmental factors and mosquito assemblage is highly relevant for environmental management of mosquito breeding habitats, reliable prediction and modeling of current processes and future changes in mosquito assemblages (Gu and Novak 2005 , Diuk-Wasser et al. 2006 , and effective mosquito control measures (Jacob et al. 2005 , Gu et al. 2008 . The need for such ecological knowledge is currently ampliÞed by a contradiction between the conservational aim (support biodiversity including mosquitoes) and control aim (reduce mosquito abundance) in environmental management of wetlands (including reconstruction of wetlands) and other mosquito breeding habitats (Schäfer et al. 2004) . To balance these contradictory aims, relevant environmental characteristics should be found to deÞne habitats having high mosquito abundance and low species richness (i.e., high risk of nuisance and disease transmission but low conservation value) as a target for control measures, and conversely habitats with high taxonomic richness and low abundance as a target for conservation efforts.
The aim of the current study was to perform a comprehensive analysis of relations between structure, species richness, and overall abundance of mosquito larvae assemblages and environmental factors characterizing the larval habitats (abiotic factors and aquatic vegetation). Particular objectives were (1) to rank the environmental variables regarding their explanatory importance, and (2) to quantify the explanatory importance of three types of factors: habitat spatial/hydrological, water physico-chemical, and aquatic vegetation characteristics. To achieve this we analyzed a data set based on 79 water-bodies in southwestern Siberia, which covered a wide gradient of environmental characteristics and diverse assemblages of mosquito larvae, using variance partitioning and forward selection methods based on ordinations and multiple regressions.
Materials and Methods
Study Area. The study area is located in the geometric center of Eurasia, southwestern Siberia, Novosibirsk Province, Russian Federation (Fig. 1) . The sampled water-bodies are located in two regions of the Novosibirsk Province: southwestern part (Karasuk District, near the Karasuk City) and middle-eastern part (neighboring Novosibirsk and KolyvanÕ Districts, near the Novosibirsk City). Coordinates of the two sample areas are N 53Њ43Ј06.2Љ Ð 53Њ44Ј17.0Љ, E 77Њ50Ј26.1Љ Ð 78Њ02Ј01.3Љ and N 54Њ52Ј08.8Љ Ð 55Њ17Ј08.2Љ, E 82Њ43Ј23.4Љ Ð 83Њ04Ј21.4Љ for the areas near the Karasuk and Novosibirsk Cities, respectively. The entire area is situated in the southeast of the West Siberian Plain and characterized by a ßat relief.
Karasuk District is located in the steppe vegetation zone; vegetation type is true steppe with very rare, separated birch (Betula pendula) forest stands (much rarer than in the forest-steppe vegetation zone). The climate of the district is dry continental, mid-latitude with cold winters (mean January temperature is Ϫ19.6ЊC, extreme temperatures can reach Ϫ40ЊC) and relatively warm summers (mean July temperature is 20ЊC). Precipitation is 300 mm per year. Novosibirsk and KolyvanÕ Districts are located in the forest-steppe vegetation zone. Vegetation represents a combination of birch/aspen forests (B. pendula, Populus tremula) of the sub-taiga type with a minor component of spruce (Picea spp.) and patches of true steppes. In the northern part of the region, this vegetation is substituted by pine forests (Pinus spp.). The climate of the districts is moist continental. Mean January temperature is Ϫ19.5ЊC; mean July temperature is 18.4ЊC. Precipitation is 380 Ð 450 mm per year (Gadzhiev 1996) .
The sampled sites comprise a diverse set of stagnant water-bodies including forest and steppe temporary pools (fed by melting snow and ßooding rivers), ßood plains, ponds, and forest and steppe oxbow lakes.
Sampling and Taxonomic Identification. The samples were collected in three periods: 5Ð15 May, 25 June to 5 July, and 13Ð23 August, 2007. These periods were chosen to cover all phenological phases in mosquito assemblages in the region considered (Gutsevich et al. 1980; Kukharchuk 1980) . Therefore, each site was sampled three times during the year unless it dried up at the summer or late summer periods (permanent water bodiesÐthree times, temporaryÐfrom 1 to 2 times). In total, material from 237 samples collected at 79 sites was available. Mosquito larvae were collected using a palette net (frame diameter 33 cm, mesh size 200 m) according to Service (1993) . The sampling was performed by scooping the larvae from the surface layer (10 Ð15 cm) of water; 10 scoops were taken on each site and pooled to comprise one sample (Service 1993) . Absolute abundance values (individuals per meter square) were derived by recalculating the persample abundance (10 scoops) regarding the water surface area sampled. It should be taken into account that this sampling method can miss or under-sample the species having larvae associated with plants (e.g., Coquillettidia). Collected larvae were preserved in 96% ethanol and identiÞed in the laboratory to the species level using several taxonomic keys (Gutsevich et al. 1980 , Kukharchuk 1980 Gornostaeva and Danilov 1999 , Narchuk and Glukhova 1999 , Reinert 2000 . Taxonomy used here is based on Becker et al. (2003) . The hardly distinguishable form Culex pipiens pipiens f. molestus Forskal was separated from Cx. p. pipiens L. by siphonal index following Narchuk and Glukhova (1999) and Vinogradova (2000) (see also Vinogradova and Ivnitsky 2009) . All the material is deposited in the Institute of Systematic and Ecology of Animals, Siberian Division of Russian Academy of Science (Novosibirsk, Russia).
Environmental Variables. Environmental variables recorded in the current study included 20 distinct variables that were classiÞed into three groups: habitat spatial/hydrological characteristics (H), water physical/chemical variables (W), and aquatic vegetation characteristics (V) ( Table 1) .
Size of the water-bodies (ϭwater surface area) was measured using a tape measure, and for large lakes using a geographic positioning system (GPS) device (e-Trex Legend, Garmin Inc., Olathe, KS) and available maps. Presence/absence of canopy cover was recorded as binary qualitative parameter (presence/ absence of trees within 25-m shoreline band). Hydroregime was also assessed as binary parameter (permanent/temporary); it was assessed for all sites during the study period and the previous year. Substrates were assigned to four different classes, namely soil and clay (ßooded terrestrial), organic debris, silt, and sand. Substrate heterogeneity was recorded as number of substrate types. Concentrations of nitrate, nitrite, ammonia, and phosphate were measured in the Þeld using portable test kits (Merck KGaA, Darmstadt, Germany). Water temperature, pH, and electric conductivity were measured by pH, EC/TDS, and tem- perature meter HI 98129 (HANNA Instruments Deutschland GmbH, Kehl am Rhein, Germany). All measurements of the physico-chemical variables were performed immediately after the mosquito larvae sampling (8:00 a.m. to 12:00 p.m.).
Aquatic vegetation was classiÞed into four groups: macrophytes, terrestrial plants (ßooded), Þlamentous algae, and Lemna sp. The proportion of each group was quantiÞed as percentage of the water surface cover. Macrophyte taxa richness was assessed as number of macrophyte species/genera/families with the following 16 taxa recorded: Acorus sp., Alisma plantago-aquatica, Carex sp., Ceratophyllum sp., Cicuta virosa, Equisetum sp., Hydrocharis sp., Myriophyllum sp., Najadaceae, Nymphaeaceae, Phragmites sp., Potamogeton sp., Scirpus sp., Stratiotes sp., Typha sp., and Utricularia sp.
Data Analysis. Relations between environmental factors and mosquito assemblage structure, species richness, and overall abundance were analyzed by ordinations and multiple regressions. The unimodal constrained ordination method Canonical Correspondence Analysis (CCA) was applied for assemblage structure that is deÞned here as the ordination model of structure based on species composition and abundance in relation to environmental factors. Graphical representation of this model is the ordination diagram ( Fig. 2 ) where species and environmental factors are shown within a multi-axes system (Þrst and second axes are shown only in Fig. 2) , and proximity of the data points (i.e., species, environmental factors) implies similarity (for details see ter Braak and Smilauer 2002, Leps and Smilauer, 2003) .
Multiple linear regression analyses in Redundancy Analysis (RDA) was applied for species richness (number of species per sample) and overall abundance (number of individuals per sample) (ter Braak and Smilauer 2002, Klimek et al. 2007 ). Selection of the unimodal and linear methods was based on preliminary Detrended Correspondence Analysis (DCA) according to Leps and Smilauer (2003) . The constrained method CCA and regression analysis were chosen to take into account all the variability in the mosquito assemblage that can be explained by the environmental factors (Leps and Smilauer 2003) .
Analysis of the data were performed in two steps. At Þrst, the forward selection technique was used in CCA and multiple regressions to rank the environmental variables in their explanatory importance, and to derive a parsimonious set of the most important variables. This method is an effective technique of ranking the explanatory variables, as it enters the variables into the ordination/regression model according to the amount of variation explained in the dependent variables. The Þrst variable entered explains most of the variation, the second one most of the remaining variation, and so forth. Monte-Carlo permutation test was used to test signiÞcance of each entered variable (ter Braak and Smilauer 2002, Leps and Smilauer 2003) .
At second, variance partitioning procedure was performed with three groups of environmental variables, namely (H), (W), and (V) ( Table 1) . Variance partitioning is a technique designed to measure explicitly pure and shared effects of different sets of explanatory variables on dependent variables (Borcard et al. 1992) . It is based on a set of partial ordination or multiple regression analyses, which decomposes the explained variation of dependent variables into independent components, thus differentiating between the relative importance of pure effects of different sets of explanatory variables and their joint effects (Økland and Eilertsen, 1994 , Heikkinen et al. 2004 , Trigal et al. 2007 , Klimek et al. 2007 ). In the current study variance partitioning was performed by sets of separate CCAs (for assemblage structure) and multiple regressions (for species richness and overall abundance) with the particular groups of variables used as predictors and covariables. The Þrst analyses in this set (model 1) was run with the entire set of environmental variables to calculate the overall amount of the variance explained (all environmental variables, H ϩ W ϩ V). Then, three CCAs or regressions (model 2) were used to calculate the pure contribution of each single set of variables (H, W, and V, separately) after removing the effect of the remaining two sets by deÞning them as covariables in the analysis (e.g., H with W and V as covariables). In model three, each category was paired with one of the remaining sets acting as a covariable (e.g., HW with V as a covariable). Shared variance between sets of variables (HW, HV, and WV) was calculated as the proportion of variance explained in model three minus the proportion of variance obtained in model 2. The variance shared among the three sets of variables (HWV) was calculated as difference between the total variance and the variance explained by the models two and three (Leps and Smilauer 2003, Trigal et al. 2007) . A Monte-Carlo permutation test was used to test effect signiÞcance of the pure components (H, W, and V). The shared components were obtained by subtraction within the variation partitioning approach and could therefore not be tested for signiÞcance (Heikkinen et al. 2004; Legendre and Legendre 1998) . Before the analysis, values for the three sampling dates were averaged for all variables to avoid temporal pseudoreplication. Species and overall assemblage abundances were log(x ϩ 1) transformed, where x stands for the abundance value. This was done to down-weight high abundance values (for rationale see Leps and Smilauer, 2003) . Cumulative species richness was not analyzed because of different sample size (permanent habitats were sampled three times and temporary from 1 to 2 times). Environmental variables were checked for collinearity in a preliminary CCA, and the variable "sand, % of substrate composition" (Table 1) was removed from subsequent analyses because of its high collinearity. All the multivariate analyses were performed using the program CANOCO 4.5 for Windows (Wageningen, the Netherlands) according to available guides (ter Braak and Smilauer 2002, Leps and Smilauer, 2003) .
To analyze the relation between species richness and overall abundance of mosquito assemblages we applied regression analysis. A linear model was used unless a nonlinear relationship signiÞcantly better Þt-ted the data according the principle of parsimony. SigniÞcance (P Ͻ 0.05) of the curvature (i.e., nonlinearity) was checked by the quadratic polynomial regression model (Crawley 2007) . This analysis was performed using the open-source software package R, version 2.7 for Mac OS X (R Development Core Team 2008).
Results
Faunal Data, Species Richness, and Abundance. In total 23 mosquito species in the genera Aedes, Anopheles, Coquillettidia, Culex, Culiseta, and Ochlerotatus were recorded (Table 2) . Abundance of different species varied from 1 to 2,000 larvae per m 2 (mean species abundances are shown in Table 2 ). The most abundant species were Anopheles messeae (Falleroni) and Culex 
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pipiens pipiens (L.) (Table 2) . Mean species richness (number of species per site) and overall abundance of mosquito larvae (number of individuals per meter square) were 1.31 Ϯ 1.27 SD and 132.65 Ϯ 376.98 SD, respectively. The ranges of species richness and overall abundance were 0 Ð 6 and 0 Ð2954, respectively. No mosquito larvae were found in 19% of the investigated water-bodies (15 out of 79 sites). Species richness was weakly positively correlated with overall abundance (log(x ϩ 1)-transformed) with determination coefÞ-cient r 2 ϭ 0.21 only (P Ͻ 0.05). Curvature of the relation between species richness and overall abundance tested with the quadratic polynomial regression model was insigniÞcant (P Ͼ 0.05).
Forward Selection: Ranking and Computation of Parsimonious Sets of Predictors. The ordination and multiple regression analyses showed that the environmental factors in total can explain 44, 49, and 43% of the variance in mosquito assemblage structure, species richness, and overall abundance, respectively. Structure of the mosquito assemblage in relation to the environmental variables is shown in the CCA ordination diagram (Fig. 2) . The ordination revealed that different species vary signiÞcantly in their ecological characteristics, and depend to a different degree on the factors considered. For example Ochlerotatus punctor (Kirby) (ϭAedes punctor, see Reinert 2000 Reinert , 2004 depends mainly on the factors correlated with the Þrst ordination axis (e.g., "Permanence," "Temperature," "Macrophyte taxa richness"), but Aedes vexans (Meigen) on those correlated with the second axis (e.g., "Phosphate," "Organic debris," "Soil and clay") (Fig. 2) . In the CCA ordination, only the Þrst and second axes were signiÞcant (P Ͻ 0.05).
Forward selection accompanied by the MonteCarlo permutation test revealed that only 7, 5, and 5 variables have signiÞcant (P Ͻ 0.05) inßuence on the assemblage structure, species richness, and overall abundance, respectively, when entered in a sequence according to the amount of explained variance (Table  3) . Some of the factors had signiÞcant but small (Ͻ5%) effects on the assemblage endpoints. Interpretation of these effects should take into account that substantial amounts of the variability were explained/removed by the stronger factors previously entered in the model due the forward selection procedure. Besides, small effects and considerable unexplained variance (51Ð 57%) is common in ordination models, especially in assemblage structure or composition data (Økland 1999) . The most important factors having signiÞcant Full species names, mean abundance per meter square (mean, standard deviation), overall no. of individuals collected, and occurrence in sample sites (no. of sites where the species was found). and large (Ͼ5%) effects on the assemblage structure were Permanence and Phosphate. Similarly, important predictors for species richness were Permanence, Macrophyte taxa richness, "Lemna sp." (negative correlations) and Organic debris (positive correlation). For overall abundance the list of such predictors included Organic debris, Temperature, Macrophyte taxa richness (positive correlations), and Lemna sp. (negative correlation, Table 3 ).
Variance Partitioning: Relative Importance of Different Types of Environmental Variables. The variance partitioning performed by sets of ordination and multiple regression analyses showed that the three groups of variables (H Ð habitat, W Ð water, and V Ð vegetation, Table 1 ) have different inßuence on the assemblage structure, species richness, and overall abundance (Fig. 3) . For assemblage structure, all the groups had approximately equal explanatory importance with 14, 13, and 13% of the entire variance explained by the groups H, W, and V, respectively (Fig. 3) . For species richness and overall abundance these percentages were 22, 8, 19% and 16, 5, 21%, respectively (Fig. 3) , which shows the relatively low importance of the water physico-chemical variables. All the effects of single groups (H, W, and V taken individually without shared variation between the groups) were statistically signiÞcant (P Ͻ 0.05, MonteCarlo permutation test).
The shared variation components (HW, HV, WV, and HWV) were relatively unimportant, in total accounting for 4.1, 0.8, and 1.5% of the variance in assemblage structure, species richness, and overall abundance, respectively (Fig. 3) . These components were obtained by subtraction within the variation partitioning approach and could therefore not be tested for signiÞcance (Heikkinen et al., 2004 , Legendre & Legendre, 1998 . The proportions of unexplained variance were 56, 51, and 57% in assemblage structure, species richness, and overall abundance, respectively (Fig. 3) .
Discussion
Relations Between the Mosquito Assemblage Variables and Environmental Factors. In ecology, relations between environmental factors and structure of biological communities have been repeatedly and intensively investigated. In freshwater ecosystems various environmental factors have been shown to be key predictors for structure of different communities and also different characteristics of the same communities (e.g., structure, species richness, functional-trophic composition) (Heino 2000 , Trigal et al. 2007 ). However, for mosquito assemblages it remains unclear what environmental factors are the most important determinants of structure, taxonomic richness, and overall abundance.
In the current study, variance partitioning provided the very Þrst comprehensive picture of the relative importance of (H), (W), and (V) as predictors of mosquito assemblage structure, species richness, and overall abundance. In particular, the relative importance of the three groups of environmental factors Only the variables having signiÞcant conditional effects are given (P Ͻ 0.05, Monte-Carlo permutation test). Variables are entered into the ordination model according to the amount of variation explained; the Þrst explains most, the second most of the remaining variation, and so forth.
* Direction of correlations (ϩ or Ϫ).
Fig. 3.
Variance partitioning of mosquito assemblage structure, species richness, and overall abundance performed by a set of partial CCA and two sets of multiple regressions, respectively. Results are shown as percentages of the variances explained by (H), (W), and (V) factors (see Table 1 ). Paired interactions are (HW), (HV), and (WV). Interaction of all three sets of factors is coded as HWV; unexplained variance is coded as UN. differs between the three assemblage variables. Thus, for the assemblage structure, all three groups had approximately equal effects, but species richness and overall abundance were substantially less affected by (W) than by (H) and (V) (Fig. 3) . Proportion of the overall explained/unexplained variances was similar in the assemblage structure and overall abundance, but relatively higher in the species richness.
Comparison of these Þndings with previous studies is problematic because for mosquitoes the relative explanatory importance of major factor types has not been previously investigated. However, the relatively stronger dependence on environmental factors found for species richness in comparison with overall abundance is consistent with the results of Nilsson and Svensson (1995) , which showed that species richness is more dependent than overall abundance on pool area, depth, and temperature.
The forward selection technique applied in the current study for the Þrst time provided parsimonious sets of best predictors (i.e., only those having signiÞcant independent effects) of mosquito assemblage structure, species richness, and overall abundance. These sets differed yet overlapped between the three assemblage characteristics, with only the factor Macrophyte taxa richness being an important predictor for all the characteristics. However, the directions of the correlations found for this latter factor are different for species richness and overall abundance (Table 3) . This difference can be compared with the study by Schäfer et al. (2006) that showed species richness and abundance of adult mosquitoes to be oppositely correlated with landscape factors. SpeciÞcally, forest cover and permanent water area in wetlands were positively correlated with abundance but negatively with species richness. In contrast to these Þndings, the studies by Nilsson and Svensson (1995) and Schäfer et al. (2004) have shown that both taxonomic richness and abundance similarly correlated with environmental and landscape factors.
These discrepancies can be explained by the narrow gradients of factors (local studies focused on nondiverse habitats), limited sets of factors considered (from 3 to 4 factors), and methodological differences between the previous studies (Nilsson and Svensson 1995; Schäfer et al. 2004 Schäfer et al. , 2006 . Therefore, these investigations cannot explain the general cross-habitat trends in environment-assemblage relations.
The same reasons complicate comparison of the correlations found in the current study with previous investigations. Thus, among the seven signiÞcant predictors of the assemblage structure found in the current study (Table 3) , only temperature and aquatic vegetation have been previously shown as important predictors of this variable (Alfonzo et al. 2005) . However, other predictors detected here were not considered previously. Concerning species richness, none of the predictors found here (Table 3) were considered in the previous studies (Nilsson and Svensson 1995; Alfonzo et al. 2005; Schäfer et al. 2004 Schäfer et al. , 2006 (the term Permanence was used by Schäfer et al. 2006 to quantify area of permanent water bodies versus temporary wetlands, but not to characterize a water-body hydroregime). Concerning overall abundance, the present list of predictors (Table 3) includes the factors Temperature and "size," which were previously shown to be positively correlated with mosquito larvae abundance in Swedish swamps (Nilsson and Svensson 1995) . Hence, the correlation that has been found for temperature is consistent with the present results, but dependence that has been derived for water-body size is not (Table 3 ). This latter contradiction obviously resulted from the different size gradients covered by the two studies: the study by Nilsson and Svensson (1995) was focused on small pools (0.02Ð20 m 2 ), whereas the current study covers a much wider gradient ranging from 4 to 4,233,000 m 2 (Table 1) . Concerning the relation between species richness and abundance of mosquito larvae, the current study showed that these two variables do not well correlate with each other. This is consistent with results of Schäfer et al. (2006) , but contrary to the results of Nilsson and Svensson (1995) and Schäfer et al. (2004) . These contradictions obviously resulted from the differences between the studies discussed above. Interpretation of these results should also take into consideration that mosquitoes comprise only a part of the invertebrate community, and therefore referring to the productivityÐrichness theory and "more individual hypothesis" explaining relations between species richness and abundance is problematic (Srivastava and Lawton 1998, Yee and Juliano 2007) . Thus, overall productivity may be positively correlated with overall taxonomic richness, but, as such species-rich community may comprise competitors and predators of mosquitoes, the species richness and/or abundance of mosquitoes can still be low (e.g., Blaustein 1998, Blaustein and Chase 2007) .
Representativeness of the Data Set and Accuracy of the Analyses Results. The data set analyzed in the current study covers not only broad ranges of environmental conditions (e.g., size mentioned above), but also diverse mosquito assemblages. The 23 species recorded here comprise 68% of the mosquito fauna of entire western Siberia (23 out of 34 species, Kukharchuk 1980) , and 11% of the fauna of the whole Palearctic region (23 out of 202 species, Minar 1986). All this indicates that relations observed in this study are based on a representative data set and expected to be valid for different temperate regions of Palaearctica and probably other biogeographical regions. Nevertheless, further investigations in different geographical regions are certainly necessary to credibly test generality of the patterns found here.
The amount of unexplained variance (51Ð57%) derived in the current study is usual for ordination analyses, as a great deal of unexplained variation, especially in structure and species composition data, is a common Þnding in ordination models (Økland 1999) . Furthermore, it is similar to the amounts found in previous studies employing the variance partitioning method for macroinvertebrate communities in stagnant water-bodies (Peeters et al. 2004 , Trigal et al. 2007 ). Nevertheless, the notable shares of unexplained variance can also result from setting aside important biotic factors such as predators and competitors, which are known to have signiÞcant effects on mosquito larvae (Chase and Knight 2003 , Blaustein et al. 2004 , Beketov and Liess 2007 , Blaustein and Chase 2007 .
Species' Ecological Characteristics. The ordination diagram generated by CCA provides a concise and informative overview of the ecological attributes of these species with regard to the considered environmental factors (Fig. 2) . Comparison with comprehensive monographs compiling speciesÕ ecological characteristics for northern Asia (Kukharchuk 1980) and Europe (Becker et al. 2003) has shown a good accordance between the present results and the literature data for most of the species. However, two species demonstrated discrepancies with the literature data, and therefore the present results can add new information about their ecological requirements. Thus, Ae. vexans is known to inhabit mainly temporary waters, but in the current study it showed clear independence of the hydroregime (it correlates largely with the second ordination axis, Fig. 2 ). Another species, Ochlerotatus riparius (Dyar et Knab), is considered rare in both Europe and northern Asia and ecological information about this species is scarce. Existing information suggests that this species prefers temporary spring-time highly vegetated water pools situated in the open (Kukharchuk 1980) or various pools in forested areas (Becker et al. 2003 ). The present results indicated that O. riparius has a strong preference for waters with high salinity (correlation with conductivity) and phosphate concentrations, and does not depend strongly on hydroregime and vegetation (Fig. 2) .
Implications for Mosquito Control and Conservation. For environmental management of mosquito breeding habitats, the current study suggests that the inßuence of relevant environmental factors (i.e., those signiÞcantly inßuencing mosquito assemblages) should be taken into account in mosquitocontrol measures (e.g., habitat-based interventions, Gu et al. 2008 ) and predictions and modeling of the current processes and future changes in mosquito assemblages (e.g., Gu and Novak 2005 , Jacob et al. 2005 , Diuk-Wasser et al. 2006 .
Currently, in the environmental management of wetlands and other mosquito breeding habitats there is a contradiction between the conservation efforts designed to support biodiversity including mosquitoes (e.g., reconstruction of wetlands) and the mosquito control measures aimed to reduce mosquito abundance (Schäfer et al. 2004) . The current study showed that these contradictory aims can be balanced and traded-off, as (1) species richness and overall abundance did not correlate well with each other, and (2) relevant environmental characteristics can be used to deÞne habitats having high abundance and low species richness (i.e., high risk of nuisance and disease transmission but low conservation value) as a target for control measures, and conversely habitats with high taxonomic richness and low abundance as a target for conservation efforts. However, it should be taken into account that many mosquito species are not the nuisance or vector species, and therefore directing the mosquito control measures on the sites with high overall abundance of mosquitoes can be inappropriate without taken into consideration the species composition of the mosquito assemblages. At the same time, conservation efforts directed toward conserving a particular species, may require conserving a habitat that supports high abundance of the nuisance or vector species.
The variance partitioning and forward selection methods were shown to be powerful analytical tools that can be applied to distinguish between the key predictors of taxonomic richness and abundance. Besides, these methods can be applied to particular vector species and components of mosquito assemblages (e.g., Anophelinae) to quantify the relative importance of various environmental factors as well as effectiveness of control measures. The weakness of these methods is that they are correlative and cannot directly infer the cause-effect relationships. At the same time, at large spatial scale, where experimental tests of hypothesis is impractical and unethical, these methods are reasonable and efÞcient (Blackburn 2004 , Kerr et al. 2007 ).
